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Introduction. | | | 
One of the first questions whieh the marine biologist is confronted with 


in the tropics is whether the tropical seas are as productive as the tropical 
= soil when compared with what we find in higher latitudes. Already the wealth 


of shapes and colours, e.g. of the inhabitants of the coral reefs, and the great 
number of species found in the tropies awakens great expectations in this 
respect. In "Die Fische der Nord- und Ostsee" !) we find enumerated for the 
North and the Baltie Seas together about 250 true sea-fishes. For the seas 
of the Malayan Archipelago the number roughly estimated will be at least 
six times as large. On the other hand it can hardly be doubted that these 
fishes do not nearly occur in such enormous shoals as may be the case in the 
north. A visit to a sea-fish market on the Java coast is a disappointment to 


: anyone who remembers the often enormous supply in the big European fishing 


ports. This may be partly ascribed to the more primitive methods of fishing 
with small vessels, without motor power, and with only primitive ways of 
conservation, But even experiments with modern. methods, e.g. with steam 
trawling, did not yield very satisfactory results. 

The dutch experiments by the exploration vessel “Gier” with trawling in 
the years 1907-1911 may be mentioned here 7), and those with the steam 
trawler “Tongkol” from Singapore in 1926 - 1928. The latter, after a few years 
of exploration, was finally for some time worked on purely economical lines. 
It proved to be impossible to cover more than half of the expenses, even without 
any deductions ?). | 

In this period the catches in 20 days amounted to: 

29275 lbs — 12700 kg in water of 20 fathoms or more, | 

78506 lbs — 34000 kg in water of 10 fathoms (the former, however, fetching 
a prize of 1844 cents per lb against the latter 8 cents). 

This corresponds with a daily catch of 635 and 1700 kg resp. 

Now in the North Sea the daily catch of a steam trawler amounts to fully 
1000 kg per day and the Singapore figures seem not to' compare unfavourably 
with those for the North Sea which, it is true, are made for the greater part 

') 1929, in „Die Tierwelt der Nord- und Ostsee". 


2) Mededeelingen van het Visscherijstation te Batavia. 
2) Report on the Working of the S.T. “Tongkol” for the year 1927, Part II, 


p. 12. 
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in water deeper than 10 fathoms. However, we may not lose sight of the fact 
that the North Sea is an intensively fished area whereas the Java Sea and 
the South China Sea so far as regards bottom fishery, may be called absolutely 
virginal. Thus it would be more just to compare the Singapore catches with . 
those made in the North Sea just after the end of the great war, when the ` 
trawl fishery had for some years practically lain idle and the fishing grounds _ 
had had opportunity to recover. In these years we find the following yields for 
the IJmuiden trawlers in the North Sea: 


1919. 2216 ke 
1920 1854 ke 
1921 1238 ke 
1922 968 ke 


so that in a renal North Sea the daily catch may be easily taken to be more 
than 2000 kg; at any rate considerably higher than the Singapore catches. 

The fact also that the sea fisheries in the Malayan Archipelago camnot 
satisfy the demand for fish, and that considerable quantities of dried and con- 
served fish must be imported every year from Siam and elsewhere (in 1932 
e.g. to an amount of 11 million guilders) does not give us an impression of 
overwhelming wealth of the Malayan Seas. Very often, while cruising on the- 
Java Sea, we have spoken to native fishing boats which had been rolling on 
the deep blue !) waves for days without catching anything with their payang 
net but a few small fishes. : 

A direct comparison, however, of the fish content and the yield of the 
fisheries e.g. of the Java Sea with that of the North Sea is very diffieult, as 
not only the species are quite different but also the ways in whieh they are 
caught. Moreover, statisties are available for the Java Sea for the few last 
years only. An indirect indieation could be furnished by a comparison of the 
quantities of plankton which are the final food source for everything living ` 
in the seas. 

That the tropical seas are indeed. poorer in general than those of higher 
latitudes has been suggested first by the results of HENSEN's plankton expedition 
which brought to light that the quantity of plankton in the tropical and sub- 
tropical ocean is considerably less than in the northern and, as has been shown ` 
by later expeditions, also in the Antarctic regions. The explanation of this 
phenomenon is given by the theories of BrawbT ?) and of NATHANSOHN *). The . 
former emphasized that it is the quantity of certain nutrient salts dissolved 
in the water on which the plankton production depends. The latter taught us 
that it is the vertical mixing of the sea water by which the deeper, fertile, layers 
are brought to the well-illuminated surface where photosynthesis can take place. 
2) The desert colour of the sea, according to SCHÜTT. This does not mean to 
say that the Java Sea shows always and everywhere this deep blue colour, nor that 
the catches are always so scanty. 

2) BRANDT, K., 1899, 1902, Über den Stoffwechsel im Meere. Wiss. Meeresunters., 
Kiel. N. F. Bd. 4 and 6. | 


1) NATHANSOHN, A., 1908, Uber die allgemeinen Produktionsbedingungen im 
Meere. Intern. Revue d. ges. Hydrobiologie und Hydrographie, Bd. I. 
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Only where the surface water, depleted P ud. growth, is A replaced 
by fertile water from the depth plankton growth is possible in the long run. 
In the tropics, however, as a consequence of the constant heating of the surface 
layers, no considerable vertical mixing takes place and the deeper layers, 
fertilized by decomposition and animal metabolism, are not brought to the 
surface unless under special circumstances. This accounts for the relative 
poverty of tropical seas as compared with those of higher latitudes where the 
succession of warm and cold seasons causes considerable vertical mixing. And 
where no rich plankton can develop, no rich macrofauna, no abundant fish 
population can either be expected. 

Only under special conditions, as mentioned above, is a richer fauna found 
in tropical seas as well. This may be the case e. g. along coasts where constant 
off-land winds cause an upwelling of fertile water from the depth, or at places 
«Where a strong current passes over a sub-marine ridge. It would be worth while 
also with regard to fishery problems and possibilities, to find out what con- 
ditions are found in this respect in the different parts of the Indian Archipelago. 
How e.g. are things in the Java Sea? Is the plankton here rich or poor; is it 
better developed near the coast or at some distance away from it, and also 
what is the influence of the monsoons on the development of the plankton? 

These questions induced me to make an attempt to obtain some insight 
into the nature of the plankton. The results are given below. After my return 
to Holland I had to leave it to my successors to continue these er e. 
and to elaborate upon my preliminary results. 

During the years 1932 and '33, with the aid of Dr. J. D. P HARDENBERG, 
L gathered a number of plankton samples from the Java Sea and from Sunda 
Strait. In studying these samples during the following years it was not so much 
my intention to make a complete inventory of the numerous species of copepods, 
diatoms etc. ete. occurring in the Java Sea plankton, (which, as emphasized 
already by Dr. Sunier ?), would require the coöperation of quite a number of 
specialists) as to get some insight into the local and seasonal distribution of 
its main constituents, which might prove to be of value also as a diagnostic 
in questions relating to fishery. In the course of the year 1932 I made two 
cruises across the Java Sea, from Java to Borneo and vise versa, as indieated 
on the maps illustrating this paper, visiting a number of stations which in 
general were taken closer to each other near the coast and further apart in 
the middle of the sea, where slighter differences might be expected. The first 
of these cruises was made in April, at the end of the, wet, west monsoon, the 
second in October, at the end of the, dry, east monsoon, so that the state of 
things at the end of these two seasons might be compared. Vertical hauls were 
made from near the bottom to the surface with an egg- -net, width of the mouth 
- 114 m?, length 4 m, Swiss planktongauze nr 3 (23 threads per 10 mm). | 
The Java Sea is shallow, the average depth in the centre, at least in the 


°) A. L. J. SuNIER, 1921, Java Sea Plankton available for distribution to spe- 
eial'sts. Treubia Vol. II. 
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western half, hardly exceeding 50 meters. Together with the South China Sea 
it forms part of the continental shelf on which Sumatra, Borneo and Java 
rest, and many big and smaller rivers of the three islands flow into this shallow 
sea. One might expect, therefore, to find that the plankton of the Java Sea 
would show certain peculiarities by which it differs from that of the surrounding, - 
deeper, seas, e.g. of the Indian Ocean. To find out these differences and at the 
same time to study, if possible, the transition of the one plankton into the 
other, I made, in the year 1933, two similar cruises in Sunda Strait, beginning 
in the Java Sea and ending in the Indian Ocean. These voyages, too, were 
made one in April and the other in October. The results will be given in a 
later paper. 

Besides my one-time assistant Dr. HARDENBERG, Ir. B. Markus, chemical 
engineer, also accompanied me on all these cruises. He made observations on 
the salinity and also on the phosphate-content of the sea-water at the different 
stations. The latter has proved in later years to be of great value for estimating 
the grade of fertility and the relative wealth also of nitrates and other nutrient 
salts of the water in different areas. 

In examining the plankton samples attention was paid in the first place 
to the total amount of the sedimented plankton, and further to the relative 
quantity of phyto- and zooplankton, and finally to the numbers of a few 
prominent components of the plankton, which components were counted. 


Salinity and phosphate content. 

The shallow Java Sea has an almost rectangular shape; it is bordered on 
the north by Borneo and on the south by Java. SuNIER +) has calculated that 
it covers about the same area as the Red Sea, but the latter, being much deeper, 
has a contents of 10 X that of the Java Sea. The relatively shallow North 
Sea contains about double the quantity of water to that of the Java Sea. 

SuwrER further gives the following short description of the bottom profile 
of the Java Sea, and of the temperature and salinity of its water as observed 
by captain K. M. van WEEL 2) during the years 1917 - 1918: 

“The bottom of the Java Sea shows everywhere a gradual slope from the 
coasts to the centre, the slope from the Java coast being slightly steeper than 
that from the Borneo shore. Besides, a very slight but gradual slope from W. 
to E. is also present, so that in general the western part of the Java Sea shows 
the lowest and the eastern part the highest depths. Thus the depth west of 
the meridian of Pekalongan, with the exception of a single channel, is every- 
where less than 30 fathoms. 

As regards the water of the Java Sea west of the meridian of 115° E, 
the extensive observations on the temperature and salinity gatheerd by the 
captain of our investigation vessel K. M. van WEEL, show that, apart from 

3 A. L. J. SUNIER, 1917, Voordracht over het Pelagiaal van de Javazee. 6e Bijeen- 
komst van Proefstationpersoneel, te Soerabaja op 29 Augustus 1917. 


2) K. M. YAN WEEL, 1923, Meteorological and Hydrographical Observations made 
in the Western Part of the Netherlands East Indian Archipelago. Treubia Vol. IV. 
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the brackish water which may be present along the coast near the mouth of 
-big rivers, the salinity during the whole year and over the whole area, in 
horizontal as well as in vertical sense, varies between fully 30. ER and fully 
34.5 °/o0. 

The temperature in general varies only between EE less than 27* C. 
The average temperature of the Java Sea water west of 115? E is during the 
monsoons hardly less than about 27.5? C; during both the change periods little 
less than about 29.0? C. 

The salinity in the East monsoon and the subsequent change amounts to 
little more than 33.5%/00; in the West monsoon and the subsequent transition 
period it is little more than 32.5 9/9. 

BrrLAGE 1) has worked out more fully the data gathered by captain VAN 
WEEL in order to get an idea of the currents caused by the monsoons in the 
Java Sea. He concludes: 

“Twice every year the Java Sea is completely swept clean. The yearly 
variation of salinity reaches 2 or 3°/o9. This variation would be much lower 
if the westerly and easterly stream were equally salt. The current coming 
from the shallow Southern China Sea, however, is less salt than that from 
the Flores Sea and Makassar Strait. To this asymmetry is due the fact that 
only one maximum and minimum salinity of the Java Sea exists. The former, 
us we have seen, is observed in the east monsoon about September, when the 
big westerly current comes to rest; the latter for the western part of the sea 
in the west-monsoon about February; for the eastern part at the monsoon 
change, in May”. 3 

Thus during the west-monsoon a west-east current prevails adducing water 
from the South China Sea; during the east-monsoon the current goes in inverse 
sense, adducing water from the Flores Sea. In the transition periods, when my 
observations were made, we find the end-stage of each of these movements. 
At the end of the east monsoon the highest salinities are found in the eastern 
part of the Java Sea, the highest temperatures in the western part. At the 
end of the west-monsoon the reverse state of things prevails, though less 
pronounced. 

The salinity observations (by areometer 211 made during our two plankton- 
cruises Java-Borneo and vice-versa in general agree with these conclusions, 
but at the same time show one peculiarity which is worth attention. A look 
at the curve diagram 1, which represents the surface salinities in April and 
October resp., reveals that in the middle of the Java Sea there is a place 
where in April, at the end of the west monsoon, the salinity is about the same 
as (in fact even slightly higher than) in October, viz. about 33.2°/o9. In the 
direction of the Java coast the two curves diverge, the surface salinity in April 
NO CEU P BERLAGE, 1927, Monsoon-currents in the Java Sea and its Entrances. 
Verhand. Kon. Magn. en Meteor. Observatorium, Batavia. 

2 as VAN WEEL (p. 320) and BERLAGE (p. 18) observe, VAN WEEL's areometer 


observations gave values about 0,5-1,0 % higher than those obtained by titration. 
It seems not improbable that we have used the same areometer. 
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being increasingly lower than in October the nearer we approach the coasts. 
But at the stations 11-13 of the western route and at the stations 30-31 
of the eastern route we find no difference, the salinity being here about 33.2%/00 
and 33.5°/o9 resp. in April as well as in October. The same phenomenon is 
observed if we compare the salinities close above the sea bottom, although here 


the curves sink less and diverge less when approaching the coasts, At the same 


stations we find here too about the same values for the salinity in April and 


October, viz. about 33.8 9/59 for stations 11-12 and about 34°/o9 for station 30. | 


Java Bornéo Borneo Java 
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Diagram 1. ` Salinity at the surface in April and October 1932. The numbers at the 
horizontal axis in this and all other diagrams represent the different stations as given 
on the chart. 


Evidently, then, the influence of the seasonal changes in the inflow of 
fresh water from the coasts of Java and Borneo seems not to reach to the 
middle of the Java Sea; at least this was the case in 1932. There remains à 


central band here where the salinity has remained constant, although being 
lower than in the surrounding oceans, viz. under 349/,4. The direction of this 


band is indicated by a line uniting the stations 30 - 31 with 11 - 13, being west- . 


northwest — east south-east. It runs over the central deepest channel of the 
Java Sea (as shown by the bathygraphiemap) where probably the great monsoon 
currents are also strongest, as many be derived from the course of the isobaths. 
Nearer the coasts we see the salinity decrease, especially at the surface and 
especially at the end of the west monsoon (April); and under the Borneo coast, 


with its many big rivers, still more so than under the Java Coast. From these 
coasts a belt of brackish water spreads over the more salt-laden water in the 


middle and in the depth of the Java Sea, gradually mixing up with the latter, 


so that the difference between surface and bottom salinity gradually decreases 


when approaching the central part of the Java Sea, without, however, quite 
disappearing even here. Only the seasonal variations in the coast water do 
not reach up to this central band, as we have seen above. We may not loose 
sight of the fact, however, that the water found in October, e.g. at the stations 


11-13, cannot be the same as that found in April at the same place and that ` 


a great displacement has occurred as a consequence of the monsoon currents. 


Whether the salinity at these stations remains constant also during the monsoons 


cannot be derived from: our data. 

We see that.the water of the Java Sea has a lower salinity at the surface 
than in the depth. At the same time the surface water is warmer than the 
water at the bottom. It needs not be emphasized that these circumstances are 
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vations, expressed in meters, grows smaller there as a consequence of the 
decreasing depth. In the middle of the Java Sea, however, (with increasing 
distance between the upper and the lower observations!) the difference between 
. the two values decreases, finally to disappear. At station 13 we found in October 
even a slightly higher value at the surface which may have been accidental. 


At the stations 15 and 27 of April the two are equal; at the stations 27-28 


of Oetober the two curves approach each other without touching each other. 
A look at diagram 4 and 5 show that the increase of the difference between 
surface and bottom P.O;-content is not so much due to a decrease near the 
coast of the P205-content at the surface — as might be caused by the presence 
of more phytoplankton (cf. anon) — as to an increase of the P2O;-content near 
the bottom, due perhaps to a greather abundance of animal life near the coast, 
especially near and on the bottom, or by the sedimentation and decomposition 
of animal life brought along with the river water and dying off in the sea. 
If we compare the state of things in April, after the west monsoon, with 
that in October, after the east monsoon, then we find slight differences only which 
vet show a certain regularity. It seems that in general the surface as well as 
the bottom P.O;-contents are higher in April near the coast, which might be 
attributed to the supply of river water during the west monsoon. But in the 
middle of the Java Sea and also in the region between the isle of Bawean and 
the Java coast (stations 30-32) both are higher in October. If we take only 
the stations with a depth of 40 m or more we find the following averages: 


surface depth 
April 4.7 6.2 
October 5.0 7.6. 


These averages are all lower than those given above, and at the same time 
we see that the figures for October are now distinctly higher than those for 
April, near the bottom still more so than at the surface. 

I refrain from trying to give an explanation of this phenomenon. until more 
date are available. One would be inclined to suggest a fertilizing influence from 
the east monsoon current coming from the Flores Sea which, flowing over the 
border of the continental shelf, might bring along some water from deeper 
regions. | 

At any rate we have seen that no very considerable variations occur in 
the P.O;-content of the Java Sea water. If we compare the values found in 
the Java Sea during a year of weekly observations in the Bay of Batavia with 


those found by Arxiws +) in the English Channel near Plymouth and in the | 


North Sea: 


7) W. R. G. ATKINS, 1925, Seasonal changes in phosphate contents of sea water in 
relation to the growth of algal plantation during 1923 and 1924. Journal Mar. Biol. 
Ass. Vol, XIII. (Cited in: Harvey, Biological Chemistry and Physics of Sea Water). 
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surface depth stations of 40 m or more 


depth 
surface depth 
Java Sea, April 5.6 8.0 4.7 6.2 
» October 5.6? 8.1 DO — 1.6 
Bay of Batavia, average 5.25 6.5 (18m) 
English Channel = “15-16 321-22 (70m) 
North Sea, May !) 11-25 15-19 (60 m) 


then our impression is confirmed that the Java Sea cannot be counted among 
the richest seas although we must be cautious in making comparisons: it cannot 
be denied that the much more rapid metabolism in tropical seas checks such 
accumulations of nutrient substances as occur in more northern waters during 
the winter. 

On the other hand the P20;-content in northern waters too may get very 
low and, indeed, may even approach zero at the surface during an outburst 
of phytoplankton development. No such thing, however, can be observed in the 
Java Sea. Diatom plankton, as we will see, is found well developed only near 
the coasts, where, however, the P20;-content is even slightly higher than in 
the centre of the Java Sea. At by far the majority of the stations the phyto- 
plankton development is quite insignificant. If, nevertheless, no high P205-values 
are found, this cannot be taken as an indication of a high fertility of the 
Java Sea. 

One might have expected to find an important addition of phosphate from 
the influx of fresh water from the many rivers of Borneo and Java. Recent 
researches, however, tend to show that such water contains only traces of 
phosphate and that its fertilizing influence on the sea has been greatly over- 
estimated. 

Indeed, diagram 6 proves that at the end of the rainy season, in April, the 
phosphate content of the coast water is only slightly higher than after the dry 
season, in October. b 

If, finally, we consider the conditions prevailing in the tropical oceans 
then we see that the P20;-content here is very low at the surface. During 
the Meteor-expedition (1925-’27) 2) the layer 0 - 50 m of the tropical and southern 
Atlantic proved to contain less than 2 mg/m? P = 4% mg/m? P205. In deeper 
layers a gradual increase is observed in all the oceans until below 200 meters 
a uniform content of 100 mg/m? is attained which remains constant down to 
a depth of 3000 meters. At the surface the P20;-content increases when ap- 
proaching the coasts (especially those with constant off-land winds like the 
EE WR. G. ATKINS, 1923, The Phosphate Content of Fresh and Salt Waters in 
its Relationship to the Growth of the Algal Plankton. Journ. Mar. Biol. Ass. Vol. 
XIII cf. also: HELGE THomson, 1933, The Distribution of Phosphate and Nitrate in 
the North Sea in May 1932. Rapp. et Proc. Verb. Vol. 85, 3-ieme partie. 

2 E. HENTSCHEL and H. WATTENBERG, 1930, Plankton und Phosphat in der Ober- 


flàchenschicht des Siidatlantischen Ozeans. Ann, d. Hydrogr. und Maritimen Meteoro- 
logie, VIII. 


| 
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west coast of Africa) and in the polar and sub-polar regions, where vertical 
convection, as a consequence of the periodical cooling of the surface water in 
winter, plays a much greater role than in the tropics. Between 40° and 50° $, 
e.g., the content amounts to 9-22 P = 21-51 mg/m? P20; and between 50° 
and 60? S even to 22-25 P = 51-81 Bas and higher. 

Reverting to the tropics, we see that Orr !) in the Barrier Reef lagoon ` 
found an average of about 4 mg/m? P = fully 9 PO; throughout the year and 
at all depths, due to the constant mixing of higher and deeper layers as a 
consequence of the disturbance of the sea by the wind. His figures, then, are 
slightly higher than ours for the Java Sea. The Barrier Reef lagoon differs 
in several respects from the Java Sea (average temperature 25.6? C, annual 
range 8.6°, average salinity 34.79/59, depth 30 - 40 m). The constitution of the 


- plankton, however, seems to show a great likeness to that of the latter. 


The volume of the plankton. 

A simple, be it a rough, method for estimating the wealth or poverty of 
a given area of the sea is to determine the volume of the plankton after it 
has settled at the bottom of the conserving fluid. The reliability of the result 
is diminished by the fact that some organisms have a relatively much larger 
volume than others. When a great number of salps, siphonophores, or similar 
gelatinous organisms is present, very high values will be found. A high volume 
may be caused also by the presence of large crowds of echinoderm-, or balanid-, 
or other planktonie larvae of nonplanktonie organisms. This was the case at 
several stations in Sunda Strait where either echinopluteus or balanid larvae 
abounded to such an extent that they constituted the greater part of the 
plankton volume. At other stations, there was a manifest deficiency of plankton 
and the few planktonorganisms present were in a bad condition, evidently: due 
to some unknown disturbing influence (e.g. in April 1932, nrs. 26 and 27). 

'The influence of such aberrant cases may be eliminated to a certain degree 
by comparing and combining a great number of the samples from different. 
localities or collected at different times, or by leaving aside those samples which 
evidently represent abnormal conditions. in 

In table I and chart 2 the volumes per m? are represented for the successive 
stations, for the April cruise at the left and for the October cruise at the right 
side of the route line. We see at once that the highest volumes are found near 
the coast. This is evident especially on the western route which has its beginning 
and its end near a river mouth, viz. that of the Tjimanuk of Java and that 
of the Kumai river of Borneo. It is especially the diatom flora which thrives 
here. No doubt if a finer meshed net had been used, the volumes near the coast 
would have been considerably higher still. 

Further from the coast the diatoms become scarce or disappear altogether 
and the zooplankton soon begins to dominate. The volume of the plankton is 


*) A. P. ORR, 1933, Physical and chemical conditions in the sea in the neighbour- 
hood of the Great Barrier Reef. Great Barrier Reef Exp. 1928-29, Vol. II nr. 3. 
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as a rule considerably less here. If e.g. we take out the stations where the depth 
is 40 m or more, then we find the following averages: 


stations 4-15 April 0.75 October 0.85 1) em? per m$. 
stations 27 - 32 April 0:6°=October 1.19 - em per me. 
General average for April 0.71, October 0.95 cm? per më. 
General average for both cruises 0.8% cm8 per m?. 


Considerably more would have been caught, no doubt, if a net of finer 
plankton gauze, e.g. nr. 20, as in the medium APsTEIN net, had been used. 
Sunier e.g. found for the average of 15 plankton hauls with such a fine-meshed 
net in the Java Sea, all made at a distance of no less than 45 miles from the 
coast, 2.6 cm? per më, ie. fully 3 times as much. 

After my return to Holland, Dr. HARDENBERG has, at my request, made 
a number of double hauls, with the Hmnsmn’s egg net (gauze nr. 3) and the 
medium APSTEIN net (gauze nr. 20) resp., in order to find out with which factor 
the catches of the former ought to be multiplied to be comparable with those 
of the latter. This factor, however, proved to be variable and, as might be 
expected, to depend upon the composition of the plankton, The fine coast 
plankton of course, passes in much greater quantity through the meshes of the 
coarser net than plankton consisting of bigger organisms as found in the middle 
of the Java Sea. In the former case the multiplication factor will prove to 
be higher than in the latter. This it seems practically impossible, by applying 
a uniform correction to my catches, to make them comparable to those made 
with the gauze nr. 20 or 25 e.g. in European waters, or elsewhere, e.g. during 
HENSEN's plankton-expedition in 1889. 

This is very much to be regretted and I hope that my successors in Batavia 
will have the opportunity of completing my observations by making a number 
of hauls with the medium APsTEIN net, gauze nr. 20, which arrived at the 
Batavia Laboratory only after my return to Holland. The few catches made 
for me by Dr. HARDENBERG with this net seem to point even rather to a higher 
than to a lower average volume than found by SUNIER. 

During the years 1910-1911 I made weekly plankton observations from 
the light ship “Haaks” in the North Sea near Den Helder. This light ship lies 
at a distance of 28 km from the coast, the depth of the sea being 27 m there. 
The average volume of the plankton fished with the medium APSTEIN net was 
for the year 8.V.1910-8:V.1911 21 200 cm? under 1 m?, ie. about 8 em? per 
m* or slightly less. This average in considerably higher than that found by 
SUNIER for the Java Sea but, as observed above, I have found higher values 
too, so that it seems better to delay drawing conclusions until more data relating 
to the Java Sea are available. 

*) The values for stations 11-13 evidently being abnormally high, due to the 
presence of many salps, siphonophores etc., I have corrected these by reducing them 
to 1 em? per m? which still is higher than the average quantity found above. 


*) For the year V.1911- V.1912 it was considerably higher which, however, was 
due to the exceptionally warm summer of 1911 making this year abnormal. 
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SUNIER himself compares his result with those obtained by Mielck in Fe- 
bruary and May 1906 in the North Sea and which were considerably lower 
than my yearly average for the “Haaks”, being 1.3 and 3.2 cm? resp., so that 
this does not compare at all unfavourably with the Java Sea, especially if we 
take into account that the Mediterranean near Naples and the Sargasso Sea 
yielded average catches of 16 and 30-33 cem? resp. under 1 m?. The former: 
figure refers to vertical hauls of 100 (as a matter of fact made mostly. in 
winter!), the latter to vertical hauls of 200-0 m. These figures would be 
lower still — though, probably, not proportionately — if hauls of 50 m had 
been made. Indeed Scuiirr 1) gives in his tables 13 a few hauls of 50-0 m in 
the Bay of Naples which yielded an average catch of 13 cm? under 1 m? = 0.26 
cm? Der m*. KRÄMER ?) who centrifuged the contents of the HENsEN's plankton 
net found in the Pacifie, going from Samoa via the equator to the Marshall 
Islands, from 0.4 - 0.95 cm? per m? (hauls mostly of 100-0 m). On the other 
hand the same author found with the same method near Kiel in the Baltic 
1.9-11 em? per mä And during the Plankton Expedition catches were made 
in northern waters (Irminger Sea) of more than 1600 cm? under 1 m? in hauls 
of 200 - 0 m, which, if we assume that most of this plankton is present in the 
uppers, would answer perhaps to 800 cm? in a haul of 50 m or 16 cm? in 1 m8. 

SUNIER's average of 2.6 cm? per m? seems to keep the due medium between 
these extremes and we might conclude that the Java Sea, though not so rich 
as northern seas, yet contains more plankton than the tropical oceans generally. 
But comparisons are difficult, in one case the hauls have been made mostly 
in winter, ie. the poor season of the northern hemisphere (Naples!), in the 
other case they have been made in summer only (Irminger Sea); in one case 
the plankton has been left to subside whereas in the other case it has been 
centrifuged. For a comparison of a northern sea with a tropical sea (e.g. North 
Sea with Java Sea) we would require in the former case an annual average 
based on a series of observations distributed regularly over the whole year (to 
eliminate the influence of the seasons) and, preferably over a number of stations; 
further absolutely similar fishing methods und measurement in both cases. 
These conditions not yet being fulfilled, it seems advisable to be careful in 
drawing conclusions regarding the relative plankton wealth of e.g. the North 
and the Java Sea. 

If we compare the catches of October, at the end of the east monsoon with 
those of April, at the end of the west monsoon, then we find the volume of 
the former higher. The average volume of the 30 October catches is 2.95 cm? 
per më, that of the April catches 1.3 cm. Even taking into consideration that 
the October catches nrs. 11 - 13 had a relatively high volume due to the presence 
of a good deal of salps, siphonophores ete. and, on this account, applying a ` 
correction to the October average, then still we find the latter to be fully 11% 
times as large as the April average. 


*) F. ScCHUTT, 1892, Analytische Planktonstudien. 
”) A. KRÄMER, 1906, Ergebnisse meiner Korallenriff- und Plankton-studien. 
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For the stations deeper than 40 m the difference is slightly less (averages 
.0.71 and 0.95 resp. cf. above) which is caused especially by the stations of 
the western route. For the coast stations, therefore, the difference must be 
greater. However, the differences are too small to warrant far reaching con- 
clusions. Other years may yleld other results again and it is advisable to await 
further observations. Provisionally we can state only that the differences seem 
not very considerable. | 


Phytoplankton. | | 

According to its general composition we might divide the plankton of the 
Java Sea into the following types: 

1° diatom plankton 

2° animal plankton | 

9" mixed phyto- and zooplankton 

4° Trichodesmium-plankton. 

The diatom plankton was generally found along the coasts, whereas the 
zooplankton predominated in the middle of the J ava Sea, where often diatoms 
are practically absent but where Trichodesmium may appear. The coast plankton 
in general is of a finer composition, containing, besides diatoms, only smaller 
copepods, such as those belonging to the first group on p. ???. 


I sent, in 1929, a number of phytoplankton samples s 
E 
Institution at La Jolla, Cal. U.S.A. They kindly un- (Gg 


from the coasts of Java, Borneo and Sumatra to Mr. 
d 
dertook to examine these samples and to write a 
treatise on the diatoms contained in them. Unfortu- 
nately the publication of this essay was delayed in 
consequence of the great economical depression from 


W. E. ALLEN and Miss E. E. Cupps, of the Scripps 
1929 onwards, but in the year 1935 the paper was 
printed *). This valuable and richly illustrated treatise Moek x Quseiadiseds 


will be of great help to every student of the marine gigas var. praetexta; b. 
C. jonesianus; e. C. nobi- 


diatoms of the Indian seas, as it has been to me. Us; d. C. jonesianus var. 
Although the number of species is great — and tenuis MEISTER?; e. C. 
janischii? 


would, no doubt, be increased still by further researches 
— yet a restricted number only may be said to play a more or less predominant 
role in the plankton catches or in part of them. And on the whole the same 
species found by ALLEN and Curr to dominate in the relatively few catches 
I sent to them were found by me, too, to be most common in my samples. I 
give here two tables 2) of their occurrence, one for the April cruise, the other for 
the October cruise, and containing only the commoner species. The indications 
c (common), + (present) and r (rare) rest on personal estimates, not on count- 
ings. Countings, in using catches made by such a coarse-meshed net, would 
ESSO w. E. ALLEN and E. E. Cupp, 1935, Plankton Diatoms of the Java Sea 


Ann. Jardin Botan. de Buitenzorg, Vol. XLIV. 
?) See page 176-177 and 178 - 179. 











"while, no doubt, to make a closer study of this 
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not have been sufficiently reliable to repay the considerable trouble connected 
with them. l | 

True diatom plankton, in which the diatoms dominate, is found only in 
a very few of my samples and, indeed, is almost confined to stations 1 and 2 
in April and station 2 in October, an to station 33 (c.q. also 34) in both months. 
Further away from the Java coast the diatoms rapidly diminish in number, 
finally to practically disappear. | 

Also under the Borneo coast an increase of the number of diatoms may 
be observed but the belt seems to be less narrow here and less confined to the 
close neighbourhood of the coast. As a matter of fact, the shallow water and 
the lower salinities reach here much further than under the Java coast. 

As a rule species of Rhizosolenia, Chaetoceras and Coscinodiscus dominate 
in the coast plankton. Not only the number of 
individuals but also the number of species be- 
ciliates longing to these genera increase in the neigh- 
bourhood of the coast. | 
_ As SUNIER has observed already, the common 
Chaetoceras coarctatum is hardly ever found 
without a more or less considerable number of 
Fig. 2. Hemidiscus hardma- an epiplanktonic Vorticella on it, whereas the 
nianus (GREV.) Mann. with ci- : s > ENT 
liates (Amphorella borealis) bigger Rhizosolena’s nearly always contain in 

(HENSEN (?)). their cells a number of short threads of the 
Nostocacea Richelia intracellularis. A curious symbiosis exists also between 
Hemidiscus hardmanianus and a small Ciliate. A number of the latter is found 
arranged in a curved row on the scale of the former, 
seated in a semilunar silt on each of the two flat 
sides of the scale. Each ciliate has a hyaline, 
tubular test, open at the upper end and in which 
it can retract itself. The Hemidiscus, however, may 
be found also without these occupants and in this 
case no trace of the semilunar slits can either be 
observed, so that one gets the impression that they 
are formed only under the influence of the presence 
of the Ciliates. Truly, if we study a sample with 
profits in state of division, we see that on the new 
valves the semilunar slits are present before the 
ciliates have occupied them. It would be worth 





`| chromatophores 





Fig. 3. Chaetoceras coarc- 
See tatum LANDER, with Vorti- 
symbiosis. : cella’s. 

Mr. ALLEN draws my attention to the fact that | 
it has been observed first by OsrENrELD !) who gives a figure and says: "Curious 


is a curved fissure on the valves; in most specimens which I have seen this 


1) Jous. SCHMIDT, Flora of Koh Chang, Part VII, Marine Plankton Diatoms, by 
C. H. OsTENFELD, Botanisk Tidsskrift, Bd. 25, 1902. | | 
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fissure was a place of refuge for a little protist, probably an Amphorella borealis 
(Hensen) Dad., var. nov.; the small, more or less numerous, organisms were 
fixed to the inner side of the fissure”. | 

One species of diatom was never wholly absent from the catches. It was 
the flat, disc-shaped Coscinodiscus gigas which really also had its maximum 
near the coast, together with the other species of diatoms. But whereas the 
latter were often practically absent in the middle of the Java Sea, Coscinodiscus 
gigas might be rare but never was wholly absent. 

Comparing the table for April with that of October, we get the impression 
that in April, at the end of the west monsoon, diatoms are more numerous on 
the western route than on the eastern, whereas in October, at the end of the 
east monsoon, the difference seems less evident. 

I have made few observations on Peridinians which rarely were dem 
and which, moreover, were caught only very incompletely by the wide meshes 
of my net. Ceratium tripos, fusus, macroceros and other species known from 
northern waters may be found now and then. Ceratium fusus was once found 
in great quantity in the mouth of the Kumai-river, together with Noctiluca. 
The salinity here was only 17.4°/o0. | 





Fig. 4. Yellow strip of Trichodesmiwm. 


Trichodesmium spp. and related Schizophyceans (a.o. Katagymene which, 
however, as SUNIER observes, is not common) are found nearly always at a 
certain distance from the coast. They seem to avoid the more or less brackish 
coast water and only where this is not present, as e.g. in the narrowest part 
of Sunda Strait with its strong tidal currents, did I see Trichodesmium close 
to the shore. At certain places it may become very abundant and the small 
bundles, gathering at the surface, may occur in such quantities that they remind 
one of sawdust, colouring the sea a brownish-yellow. More or less broad bands 
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of the sea surface may seem coloured in this way and these bands, as a rule, 
appear to run at a good distance from the coast (often several tens of miles) 





imm 


Fig. 5. Planktondiatoms from the Java Sea. 
1. Bacteriastrum hyalinum; 2. Biddulphia sinensis; 3. Rhizosolenia styliformis; 
4. Rhizosolenia styliformis var. latissima; 5. Chaetoceras peruvianúm; 6. Chaetoceras 
lorenzianum; 7. Coscinodiscus jonesianus; 8. Ditylum sol; 9. Stephanopyxis pal- 
merina; 10. Cerataulina bergonii; 11. Bellerochia malleus; 12. Rhizosolenia setigera; 
18. Khizosolenia calcar avis; 14. Rhizosolenia stolterfothii; 15. Chaetoceras denticu- 
latum; 18, Rhizosolenia alata forma genuina; 19. Rhizosolenia alata forma indica: 
20. Rhizosolenia clevei; 21. Streptotheca indica?; 22. Hemidiscus hardmanianus; 
23. Lauderia annulata; 24. Chaetoceras pseudocurvisetum; 25. Rhizosolenia arafuren- 
sis; 26. Rhizosolenia imbricata (shrubsolei); 27. Rhizosolenia robusta; 28. Hemiau- 

lus sinensis; 29. Thalassiothrix frauenfeldii. 





H. C. Detsman: Plankton investigations in the Java Sea. 157 


and parallel to the latter. They may have a length of many miles and once, 
indeed, we have followed such a Trichodesmium band with our investigation- 
vessel for half a day, steaming east-west parallel to the north coast of Java 
until night drawing near forced us to give it up. From some distance away 
such a Trichodesmium zone may be signalized by the calmer water there and 
by a rather strong smell of chlorine. j 

Quite near the coast, in more or less brackish water, Noctiluca miliaris 
may be present in great quantity. A peculiarity of the tropical Noctiluca is 
the presence of a large number of small green flagellates in the specious vacuoles, 
as first stated by the WEBER’s 1) who, however, did not observe living material. 
If we do so, we find that these small green organisms of which hundreds, 
perhaps even thousands, are present in each Noctiluca-cell do not be still there 
but are swimming vigorously about in the fluid which fills up the spacious 
vacuoles. As observed by the WEBERs +), the green colour caused by the presence 
of the flagellates is quite evident where accumulations of Noctiluca at the sur- 
face of the water occur. | 

The occurrence of Noctiluca is restricted to coastal and even to slightly 
brackish water, so that it is never found at some distance from the coast. 


Copepods. 

For the sake of convenience we might subdivide the copepods into three 
groups, aecording to the length, viz. 

1? those reaching a length of more than 2 mm 

2? the medium-sized, between 1 and 2 mm 

3? those smaller than 1 mm. | 

'The numbers of these three groups are by no means evenly 
spread over the area investigated, as will be shown. 

To those smaller than 1 mm belong such 
forms as: Oncaea conifera GIESBRECHT 8.0. Co- 
rycaeus venustus DANA and other small Cory- 
caeus species, Huterpina acutifrons (Dana), 
Oithona rigida GIESBRECHT, Clytemnestra scutel- 
lata DANA, Microsetella spp. 

Of the species between 1 and 2 mm mention 
Temora discaudata Gimsprecet and stylifera 24 
Fig. 6. Temo- Dana, Centropages furcatus, Oithona plumifera | 
ra stylifera d. L = E 

Barrp, Tortanus gracilis (BRADY), Calanopia 
elliptica, Pontellina plumata (Dana), Pontellopsis krameri (GIES- Fig. 7. Temo- 
BRECHT), Paracalanus aculeatus GIESBRECHT, Canthocalanus pau-. Ya GE 





1) M. WEBER and A. WEBER-VAN BossE, 1890, Quelques nouveaux cas de Sym- 
biose. SES EH 
Zool. Ergebn. einer Reise in Niederl. Ost Indien, I. 
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per (GIESBRECHT), Acrocalanus gibber GriEksBREOHT, Candacia spp. Acartia 
pietschmanni, pacifica a.o. | 

The third group, containing the copepods of more | 
than 2 mm, comprises in the Java Sea a restricted num- 
` ber of species only, viz. Undinula vulgaris (DANA), Euca- 
lanus subcrassus GIESBRECHT, Euchaeta concinna DANA, 
Candacia bradyi A. Scott, Labidocera acuta (DANA) and 
Pontella securifer BRADY. The latter, though fairly widely 
distributed, was never found in any considerable number, 
and in the same way a few other species reaching a length 
of 2 mm or more | 
can only be ob- 


LL 





served now and then. À VIVA 
? hd $ Se A W N A = A 
Only five species, < AY 
y C 
however, may be Se 
present more or less RAS 


OD 
Mai Ue 
| 


Fig. 8. Temora dis- 
caudata d. plentifully, as far 
: as my observations À 
reach. Many species and genera occurring | 
in the surrounding oceans, ‘and eg. in 
Sunda Strait, were not met with in the 
Java Sea. Thus the genera Pleuromamma, Fig. 9. Oithonia plumifera. 
Euchirella, Undeuchaeta, each represented by several fairly big species in the 
Sunda Strait plankton, were absent in the Java Sea which, of course, doesnot 


exclude the possibility that they will ever be found there. 


\ 
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Fig. 10. Labidocera acuta Q. 
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My egg-net eatehes are especially suitable for studying the distribution 
of the bigger species, as the mouth of the net is sufficiently wide to catch 
a good number of individuals, 
whereas the width of the meshes 
does not allow any to escape as is 
the case with smaller forms and 
Y with young stages. 

The biggest of the five Java 
Sea species are Undinula (formerly 
Calanus) vulgaris and the blue 
Labidocera acuta, both reaching 
a length of 3 mm. The former, 
however, was much more widely 
distributed and occurred in greater 
numbers than the latter. Especially 
the female Undinula vulgaris is the biggest common copepod in the Java Sea 
and must be highly appre- 
ciated as food by the plank- 
ton-feeding pelagic fishes 
whose stomachs are often 
filled with them. Perhaps 
its role might even be com- 
pared with that of Calanus 
finmarchicus in northern 
seas, although the latter is 
still a good deal bigger 
(length 9 3 - 5 mm). But the RK 
same can be said of many 
northern fishes: the northern 
herrings, mackerel, anchovies, tunnies and flatfishes are on. an average all 
bigger than their tropical, and 
certainly bigger than their Java 
Sea and South China Sea rela- 
tives. 

The male of Undinula vul- 
garis is slightly smaller and 
easily distinguished from the 
female by the caudal setae 
being directed perpendicular to 
the longitudinal axis of the 
animal, and by the absence of 
the paired spines into which 
the last thoracic segment of the 
female is produced. The former 





Fig. 11. Centropages furcatus (DANA). 





Fig. 12. Tortanus gracilis 9 and d. 
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Fig. 13. Acartia pietschmanni PESTA Y and df. 
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characteristic is not quite so not quite so reliable as the latter, as sometimes 
males are found with the caudal setae directed backwards in the same way 
as with the female. But in this case 
the enormous prehensile leg of the 
male renders it easy to recognize the 
species. 

SEYMOUR SEWELL-!) has elabora- 
tely described and measured the suc- 
cessive copepodid stages of Undinula 
vulgaris. His observations indicate 
that already the copepodid stage V 
may reach (d) and surpass (9) the 
2 mm-limit. We will, however, mainly confine ourselves to the adult stage when 
studying the distribution of this species in the Java Sea. 

In charts 3 and 4 the distribution of the adult Undinula vulgaris in the 
Java Sea in April and in October resp. are represented. Both charts show that 
Undinula is absent quite near the coast (e.g. stations 1, 2, 3, and 20, 21) and 

that, going seaward, we see the 

number increase. This phenomenon 
{ is observed as well under the Java 
| as under the Borneo coast. Approach- 
ing the middle of the Java Sea, how- 
ever, we see the number decrease 
again so that e.g. at the stations 10 
(or 11) - 14. Undinula is practically 
or absolutely absent, and this as well 





Fig. 14. Canthocalanus pauper d and Y. 








i in April as in October. Most evident 
| is this phenomenon on the western 
X route passage, stations 1-21. The 

Cep maxima are found at a certain 


S xz distance from the coast. In April, 
ee at the end of the west monsoon, they 
Tie, e, Above: sil sieve of Scomber Ea appear to be considerably higher 
glectus, x 1. 1. Gillrakers of first gill split. than in October, at the end of the 
o tir. Dur AM ea cast monsoon, and at the same time 
they appear io be somewhat further 
from the coast in the latter case. But the general agreement between the curves 
is evident. Observations covering a longer period would, of course, be required 
to make out whether this is the normal state of things or whether it is valid 
only for the year 1932. The former assumption is supported by what we see 
in chart 8 which shows the result of a smaller series of observations in May 
1934. Here we find again the maximum at some distance from the coast and 


1) R. B. SEYMOUR SEWELL, 1929. The Copepoda of Indian Seas, Calanoida. Me- 
. moirs of the Indian Museum, Vol. X, 1st part. 
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the same gradual decrease and final disappearance of Undinula if we proceed 
to the middle of the Java Sea. Whether also the left fig. on this chart is the 
expression of the same rule is not so easy to decide as this series consists of 
three observations only which, moreover, have not been made at the same time. 





Fig. 16. Five big Copepods from the Java Sea. 

1. Euchaeta concinna DANA 9 (often with eggs); 2. Euchaeta concinna DANA d; 

3. Undinula (Calanus) vulgaris (DANA) forma minor 9; 4. Undinula (Calanus) vul- 

garis (DANA) forma minor d; 5. Eucalanus subcrassus GIESBRECHT; 6. Candacia 
bradyi A. ScoTT; 7. Labidocera acuta (DANA), often coloured beautifully blue. 


For the eastern half of the Java Sea things are not so easily brought 
under this rule. Here, too, we find a minimum or absence of Undinula near 
the coast and an increase of its numbers when going seawards. But a decrease 
and final disappearance in the middle of the Java Sea can be observed only 
in the curve for October, whereas in April it was quite absent, the maxima 
lying here in the middle of the Java Sea. It looks as if the two maxima present 
in the other curves have fused here so that the minimum in the centre has 
disappeared. Here, too, the maxima in April are higher again than those in 
October. : 

In the October curve the maximum under the Java coast seems practically 
not developed. On the other hand this is the only occasion where Labidocera 
acuta appears in any considerable numbers. This beautiful blue copepod seems 
to me to be not so characteristic for the shallow Java Sea as Undinula but 
more so for oceanie water which during the East monsoon may have penetrated 
into the Java Sea along the deep channel (60-70 m) in the middle of which 


') FARRAN l.c., p. 75. 
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the isle of Bawean is situated. One gets the impression that Undinula is replaced 


here more or less by Labidocera acuta. FARRAN *) really counts Labidocera — 


acuta among the coastal species, to which practically all the Java Sea species 
belong. As shown by table IV it was presepi also at several stations of the 
series of May 1934. 


Let us now turn to the remaining three copepods occurring more or less 


regularly in the Java Sea, viz. Eucalanus subcrassus, Euchaeta concinna, and 


Candacia bradyi. Of these three Eucalamus subcrassus may occur in the | 


greatest numbers. FARRAN (l.c., p. 78) writes about it: “Inside the reef this was, 
next to Undinula vulgaris, the most plentiful of the larger species” and the 


same may be said for the Java Sea, but the numbers in which it may occur - 
are not below those of Undinula. Although hardly shorter, it is a less robust ` 


species than Undinula vulgaris. 
A look at the charts 5 and 6 shows that the distribution of this copepod 


is much like that of Undinula. Here too we find maxima at some distance from | 


the coast, separated by a minimum or total absence in the middle of the Java 
Sea. In general these maxima seem to lie somewhat nearer to the coast than 
in the case of Undinula. This seems to be confirmed by the series of May 1934 
(table nr. IV). Whereas in 1932 the highest values for Undinula were found 
. in April, the reverse in the case with Eucalanus where October yields the highest 
numbers. 

Euchaeta concinna, too, seems to have a similar distribution: maxima at 


some distance from the coast, as is evident especially on the western route 7 


and somewhat better developed in April than in October. 


Candacia bradyi differs from the other bigger copepods in that it is present | E 


also in the middle of the Java Sea, indeed, is only absent in a few catches, 
although not always being represented by individuals of 2 mm or more, a size 
reached only by fullerown specimens. | 

As regards the distribution of the middle sized and the smaller species 


of copepods our results with the wide meshed net are, of course, less reliable, | 


as part of them, and especially of the latter, may escape through the meshes. 


Diagram 7 and 8 and chart 2 show us the total number of copepods found in E 
1 m3. We see the number increase in the neighbourhood of the coasts. In reality — 


the gradient of this increase must be steeper still than indicated in chart 2 and 
8 as 1° the coast stations lie nearer to each other than those in the middle 
of the Java Sea, whereas in diagrams 7 and 8 the distances are all alike, and 


2° the coast plankton contains the highest number of small species, part of | 


which will get lost by the wideness of the meshes. 


Of course the number of copepods is no measure for the quantity of copepod —— 
material present in a catch as e.g. one Undinula vulgaris or Labidocera acuta E 
may perhaps have the same weight as 100 Zuterpina acutifrons from near | 


the coast. 
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From neither of the curves 7 and 8 do we get the impression that there E 
is a great difference between April and October. In both cases the number of ` E 
copepods in the middle of the Java Sea (as caught by the wide meshed net) 
between 50 and 200 per më, whereas near the coasts it may amount to several 
hundreds and even to above 1000. | 
This tallies fairly well with what RusseLL +) finds for the Great Barrier 
Reef lagoon. From the figures given on p. 177 of his treatise I caleulate that 
the average number of copepods during a year of monthly observations was 
4000 per catch = 20.000 under 1 m? = 625 per mä. These vertical hauls were 
made with a net of silk nr. 3 and thus are directly comparable with mine. 
Similar numbers were found by me in the vicinity of the coast, but further 
away from the coast they soon decrease and in by far the greater part of the 
Java Sea they remain below 200 per më. | : | 
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400 400 


30059 


300 


200 


100 100 





25 26 27 28 | 29 30 31 32 33 
Diagram 8. Total number of Copepods in 1 m* April - October. Java sea Stations 25 - 33, 


RUSSELL compares his figures with those obtained at several lightships in 
the North Sea and the English Channel which, however, are mutually so very 
divergent that one hesitates to draw any general conclusion from them. In 
general one gets the impression that the comparison is very favourable for 
the Barrier Reef Lagoon as only the Borkumriff lightship yields similar num- 
bers, the others remaining far behind. For the greater part of the Java Sea, 


D) F. S. RUSSELL, 1934, A Comparison of the Abundance of Zooplankton in the 
Barrier Reef Lagoon with that of some Regions in Northern European Waters. 
Great Barier Reef Exp. Scient. Rep., Vol. II, nr. 6. 


— 
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however, the average is 4 - 5 times lower and the comparison for this sea would 
not be so bad when compared with most of the lightships mentioned by RussELL. 

Much higher numbers are found if we look at similar observations made 
in the North Sea with fine meshes nets (silk nr. 20 or 25). From the weekly 
observations on the Dutch lightship *Haaks" near Den Helder, made during 
the.years 1910 - 1911, I found !) an annual average of nearly 150.000 copepods 
(nauplii excluded) under 1 m? = about 5500 per m?. From the figures given 
by APSTEIN ?) for four cruises over the North Sea in 1906, we may calculate 
similar average for the number of copepods and young copepods (nauplii 
excluded). In all these catches, however, the small Oithona nana and the young 
stages of bigger copepods play a great róle. A considerable part of them, no 
doubt, passes through the meshes of the coarse net. | 

The peculiar distribution of the bigger copepods in the Java Sea, which 
serve as food for the pelagic fishes, may prove to have a certain influence 
on the distribution of these fishes too which are of so much importance for 
the fisheries of Java (e.g. Decapterus spec. and Caranz spp., Scomber kanagurta, 
Clupea leiogaster o.a., Caesio spp.). The mayang-fishers indeed, in trying to 
attract the Carangids and Clupeids with their rumpons and to envelop them 


with their payang-net, do so at a certain distance from the coast, some 25 - 40 


miles, and one is naturally inclined to ask, if this is the zone where the bigger 
copepods are most abundant and where, as a consequence, these fishes are 
most numerous? This is a question which merits the attention of future in- 
vestigation. 

It seems, fairly evident that there is a certain relation between the structure 
of the gill-rakers and the nature of the plankton. It we compare two related 
species of fishes of which the one lives near the coast and the other further 
away, then we find that the gill-rakers of the former are finer and more 
numerous and at the same time longer than those of the latter. This is illustrated 
by fig. 16 showing the gill-rakers of the more pelagic Scomber kanagurta and 
of the more neritic Scomber neglectus. Even the fine hairs of each gill-raker 
are more slender in the latter than in the former. Evidently all this is an 
adaptation to the fine nature of the coast plankton in which diatoms and small 
copepods dominate, whereas the plankton at a certain distance from the coast 
is much coarser. Here the plankton is probably also swallowed less indiscrimi- 
nately; the fishes look for the big copepods and dart at them; they are swiffer 
and dexterous, their body is more slender and their eyes bigger. Thus if we 
compare the number of gill-rakers in three Clupea-species of which the first 
is a true neritic species, the second an intermediate and the last one a more 
pelagic species, then we find for 

$) E. C. DELSMAN, 1911, De warme zomer van 1911 en het plankton bij de 
ae Rijksinstituut v/h Onderzoek der Zee; cf. also Bulletin Planktonique 
1908 - 1911. 


C. APSTEIN, 1906, Plankton in Nord und Ostsee auf den deutschen Termin- 
fahrten. Wiss. Meeresunters. Kiel, Bd. 9. 
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nr. of gill-rakers | k 

on lower half of length of gill-rakers. 

| first gill arch. | 

Clupea kanagurta (mata bélo) 88 11/3 X diameter of eye. 
Clupea fimbriata (tembang) 50 3/57 9/4 3 » 3 
Clupea levogaster (l emuru) EE 1/9 X jj o M 


The higher the number of gill-rakers, the greater their length and the 
smaller the diameter of the eyes, so that the ratio length of the gill-rakers: 
diameter of the eye is in this case especially suitable for distinguishing the 
species. i E 


Other zoöplankton. — 
Of the further components of the zoóplankton I mention first the Crusta- 
ceans. The following species of Schizopods have kindly been identified by Prof. 
TATTERSALL, of Cardiff: | ^ 
Euphausiacea: Pseudeuphausia latifrons (G. O. Sars), closely related to x 
Nyctiphanes. In the Barrier Reef report TATTERSALL !) says about this species: | 


EE is a shallow-water coastal form, quite widely distributed in the Pacific, ` 
but always near to land and never under oceanic conditions. This species is - 


the dominant one ...... of the shallow lagoon area inside the reef”. In the Java | 
Sea we see it appear only at a certain distance from the coast, in the same | 
way as the big copepods. In the series of May 1934 e.g. it had its maximum ` 
at station 16, ie. one or twe stations further away from the coast than the | 
big copepods. | 

Mysidacea: Anchialina typica Kroyer, according to TATTENSALL “one of 
the most characteristic species of the Barrier Reef Lagoon". Another species | 


Fig. 17. Pseudeuphausia latifrons (G. O. SARS). 


1) W. M. TATTERSALL, 1936, Mysidacea and Euphausiacea, 
Great Barrier Reef Exp., Scient. Rep. Vol. V, nr. 1, 
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of Anchialina could not be identified with any previously described species and 
will probably prove new. 


Gastrosaccus indicus H. J. JAN- 
SEN (?, immature specimens only). 

Leptomysis xenops TATTERSALL. 

These species were found at the 
stations 16 and 15 of the above series 
and had their maximum at station 
nr. 15, being still one station further 
from the coast than Pseudeuphausia 
latifrons. 





Fig. 18. Anchialina typica KROGER. 


A number of Amphipods too could be found now and then at the stations 
somewhat further from the coast. One of the biggest in the Oxycephalid Tull- 





Fig. 19. Hemisiriella parva HANSEN. 


bergella cuspidata BovaLLius which e.g. in the series of 
May 1934 occurred at the stations 17 and 16. At these 
same stations Synopia ultramarina Dana and Hyperia 
sibaginis STEBBING (according to J. M. PirLor) !) perhaps 
a subspecies of Hyperia schizogenetos STEBBING) were present, together with 


E eom antennartus 

(Craus), Parascelus edwardsu 

CLaus (= zebu STEBBING) and N 

Hyperia dysschistus STEBBING. ENG cd oli: 
= J L Tj V 


Xiphocephalus whitei was 
SN 


found now and then only, single 

or in small numbers. S 
Very common in the plank- B 

ton is often the slender Sergestid 


Lucifer intermedius HANSEN 
which in the series of May 1934 Fig. 20. Tullbergella cuspidata BOVALLIUS. 





2) J. M. PIRLOT, Siboga Exp. 


Hemisiriella parva H. S. JANSEN. 
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had its maximum at station no. 15, the Ostracod Pyrocypris natans (Bray 1) 
which also has its maximum at station nr. 15. Neither are Conchoesta species 





Fig. 21. Synopia ultramarina DANA. 


and Evadne tergestina Cuaus rare, although never found in any considerable 
numbers. ! 
With most of the species mentioned above we get, from the series of May 
1934, the coast seaward, 
they appear where the 
big copepods end. We 
must, however, be cau- 
ae tious in drawing conclu- 
= sions. It has been obser- 
ved that several species 
of Mysidacea and also | 
Pyrocypris are present in d 
plankton only that has i 
been fished during the 
Fig. 22. Hyperia sibaginis STEBBING. night and disappear from 
| the plankton at daylight. 
Evidently they retire to the bottom then. According to TATTERSALL 
from the above mentioned species only Anchialina typica is found in 
the daylight plankton, although it exhibits diurnal migrations too. 





*) Kindly indentified by mr. J. P. HARDING, British Museum. MÜLLER, in “Die 
Ostracoden der Siboga Expedition” (1906) doesnot mention this species among the 
seven species distinguished by him. About his P. acuminata, however, he remarks: 
„Stent P. natans BRADY nahe, unterscheidet sich von ihr durch das an der vorderen d 
Ecke stark abgerundete Rostrum." Mr. HARDING wrote. me: “As you will see from my 
camera drawings or by looking at your own specimens some (like A) resemble 
P. acuminata, others (like B) are almost exactly the shape figured by BRADY as P. 
natans while others appear to be intermediate between the two. It looks as if the two 
species are identieal but I am unwilling to make such a decision without seeing the 
types". | 












Em DzrsMax:- Plankton investigations in the Java Sea. 169 


siriella parva is mentioned by him among the species that are found only 
casionnally and in single 
cimens by day. Now the 
lon 15 was visited on May 
h 1934 in the evening at 9 
ck and 16 on May 22th 
in the morning at 2 







. À few words, finally, re- 
ding some other constituents 









Fig. 23.  Simorhynchotus 
antennarius (CLAUS). 


in nearly every catch, ) 
especially Calycopho- | | | 

rae, whereas Physo-  .- 
| phorae were much rarer. The 
. commonest Calycophorae are Di- 





N phyes chamissonis HUXLEY, Lensia 
G QC) \ 
S SX XO ÁS NN 


SENO subtiloides Lens and Van RiEMs- 


| S | DIJK (these two were commonest 

: UN E also in the Barries Reef Lagoon), 

E E and Bassia bassensis Quoy and 
C RE GAIMARD 1), 


Fig. 24. Parascelus edwardsii CLAUS. 








2 
3 d 
Fig. 25. Hyperia dysschistus STEBBING. E M 
a E i | Fig. 26. Lucifer intermedius HANSEN. 


m. 





7 All kindly identified by Mr. Monro, British Museum. 
DIJK’s Siphonophora of the Siboga Expedition these three speci 
the names Diphyopsis weberi, Diphyes subtiloides and Abyla 


In LENS en VAN RIEMS- 
es are mentioned under 
bassensis resp. 





a 
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Their distribution in the catches of May 1934 is shown by the following 


table which gives the numbers per m?. 
13 14 
Lensia subtilordes 0.1 0.8 
Diphyes chamissonis 1 0.8- 
Bassia bassensis 0.2041 


1939, Arr. 2. 


152-16 8 Eo 20 
dove TBTg l2 
ar E us E E 

0:5 -—0.1.-03- L9 rr-' — 








Fig. 28. Evadne 
tergestina CLAUS. 





Fig 29. Di- 
phyes chamis- 
sonis HUXLEY. 


Eudoxid. missonis HUXLEY. 


We get the impression that 
the presence of these three 
Siphonophores is not so restrict- 
ed to a definite zone as seems 
to be case with the bigger Co- 
pepods and other Crustaceans. 

The Chaetognaths, which 
are present in every 
plankton sample 
from the Java Sea, 
have been picked 
out and sent to 
Prof. BALDASSERONE 
in Florence (Italy) 
but have not yet 
been received back. 
P. van OYE, in 1917, 





Fig. 31. 4 
Lensia subti- published a paper 
; loides LENS on the Chaetogna- 
Fig. 30. Diphyes cha- and RIEMS- | 





DIK. tha of the Java -/ 
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Sea *). The commonest species was the very transparent Sagitta enflata Grass 
which in my catches too was often numerous. On the other hand Sagitta planc- 
tonis STEINHAUS, which was also not rare in my material, is easily to be recog- 
nized by its straight, stiff and opaque appearance. It is not mentioned by Van 


Oye, who seems to have been unaware of STEINHAUS' paper, nor was it numerous 


in the Siboga material. Next to Sagitta enflata Van OYE found S. robusta Donc. | 
and S. bedoti BERANECK the commonest species, whereas S. regularis AIDA and 


S. neglecta AIDA were not rare either. 
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Fig. 32. Bassia bassensis Qouv and GAIMARD. Polygastric stage. 


Regarding the Pteropoda Sunier 2) records the following species found by 


him in the Java Sea plankton: Hyalocyliz striata (Rana), Creseis acicula RANG, 


Cavolinia longirostris LESUEUR, Diacria quadridentata LEsuBUR and Limacina 
sp. In my samples Hyalocyliz striata (RANG) was by far the commonest form, 
next came Creseis acicula (RANG). 

The Salps have been studied by Inte 3). He found that Thalia democratica 
(ForskAL) was the commonest species. According to APsTEIN this is by far the 
E. cip. vaN OYE, 1918, Untersuchungen über die Chaetognathen des Javameeres. 
Contributions à la Faune des Indes Neerlandaises, Fasc. IV. 

?) A. L. SUNIER, 1917, Voordracht over het Pelagiaal van de Javazee. 


*) J. E. W. IHLE and M. E. IHLE-LANDENBERG, 1935, Über eine kleine Salpen Samm- 
lung aus der Javasee. Zoól. Anz. Bd. 110. j | | 
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commonest warm water salp, which was confirmed for the Malay Archipelago 
by the catches of the Siboga expedition. Next came Cyclosalpa floridana APSTEIN. 
Rarer were Salpa cylindrica Cuvier, S. fusiformis Cuvier and Brooksia rostrata 
(TRAUSTEDT). | 





bassensis. Loose Fig. 35. Bassia 
E gonophore of bassensis. Anterior 
Fig. 33. Bassia Eudoxid. nectophore. 
bassensis. 
Eudoxid. 





Fig. 36. Bassia bassensis, 
Bract of Eudoxid. 


Prof. Inte also glanced over the Appendicularians. Besides Otkopleura- 
species which are difficult to identify at first sight he saw a.o. Stegosoma mag- 
num Lou. and the big Megalocercus huxleyi RrrTER, both, however, in a few 
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Fig. 37. Sagitta pulchra DONCASTER, Sagitta enflata GRASS., Sagitta planctonis STEIN- 
HAUS. 


samples only. A Fritillaria species may sometimes be very numerous; it was 
identified by Inte as Fritillaria borealis forma ritteri Arpa = Fritillaria borealis 
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truncata ritteri LoMAN, one of the seven species found by Inte among the Siboga 
material and SESCH not the only one occurring in the Java Sea. It was 





Fig. 38. 





. Ayalocyclix | E | 
striata Fig. 39. Pritil- Y a 
(RANG). laria ` borealis "B p irs 

forma ritteri ig. 40. Chelo- ec. . 
AIDA. phyes contorta 
(LENS en VAN 
RIEMSDIJE). 


numerous at station nr. 18 of the series of May 1934, and absent at the other 
stations of his series, with the exception of a few specimens at stations nr. 17 
and 20. 
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TABLE I 


Station 


L N — æ kd Feat ` bech Ro bech ` bech ë bech ` ked 
ma C qq ONO OQ 4» 0 l2 ra CO 


25 
26 
21 
28 
29 
30 
Sr 
32 
33 


O O00 3 Oo Ov d» WO N= 
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Position 
60184 S — 10825 E 
6016 S 10824 E 
613 S 10828 E 
6094 S — 108020 E 
6046 S 108 3L5' E 
5059 S 10834 E 
5038 S 10837 E 
5038 S 108 525 E 
5028 S 1098 E 
5910’? S 109927’ E 
4054 S 109941’ E 
4041? S 109 552E 
40266 S — 1109 128 E 
412 S  110°25° E 
dg: S 110037 E 
30949 S 11052 E 
304015. AMAS 
30285 S 111024 E 
30 21,505 1119 29 5E 
3018 9/2; 1110/38 *E 
30.97: SE 1111040" FE 
3 diss. 3129 — E 
40 O 
4930 FS N28 4 SE 
50 5-9 49908 XR 
50.30) «S7. 120s RE 
Brass cs - 1] ] gp SE 
ae 5, 7 011002! * B 
6011" S — IIO DO E 

S 110047" E 


6 23 


47 


Depth 
of the sea 


12,5 m 
20 m 
32,5 m 
40 m 
44,5 m 
48 
53 
55 
54 
56 
57 


C 
Ke) 


Ot 
CMSCHVCI ER E WA t= l L a IURE Mm 


48 
40 
35 
37 
27 
22 


=t 
VS 


A 


13,25m 


N 
© 


on 
SUS as. SUS ee: Sales ls 


3 


31 
45 
60 
67 
67 
57 
58 
23 





1) High volumes caused by presence of many salps, siphonophores etc. 


Salinity 
Surface 

April October 
32,6 34,1 
32,6 34,0 
32,1 33,6 
32,9 33,9 

390 33,9 

. 328 338 - 
"39,9 33,8 
33,0 34,0 
32,4 34,3 
33,1 33,9 
33,2 33,2 
33,4 SEH SC 
33,0 33,2 : 
32,6 33,1 
32,4 33,9 
31,6 33,6 
31,3 33,4 
29,9 32,5 
28,2 31,8 
26,9 31,9 
27,5 31,2 
30,4 33,0 
30,9 33,3 
31,8 34,0 
321 34,5 
32,7 33,6 
33,6 33,5 
33,6 33,4 
32,5 33,3 
32,6 33,4 


April 


D 


33,8 
34,0 


33,2 


33,1 
32,7 
32,25 
307 
31,5 


31,6 


326 


33,2 
33,5 
33,65 
33,8 
33,65 
33,8 
33,3 
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SE 
E, P20; mg/m? Plankton volume Copepoda Undinula vulg. 
Surface —— bottom cc per m? in 1 m? in 1 m? 

pril October April October April October April October April October 


68 — 10,0 300 056 355 373 — — 
3,4 E 46 2,2 6,7 319 273 2,93 — 
3,4 = 64 164 1,8 261 191 Gate Uo 
2,0 — 5,8 0,95 0,4 287 135 5,03 0,94 
4,0 = 6,4 0,34 0,2 59 90 L4 31 
3,4 = 5,2 0,8 0,2 179 86 3,05 3,1 
A, 4,3 — 7,3 0,77 2,0. 29 89. 1,2! 0,37 
2j M 5,5 1,4 0,7 186 44 « 162 1,7? 
5,5 = 7,9 0,78 1,0 106 83 7,05 0,48 
5,5 7,7 7,9 0,7 LI E 64 — 
7,3 5,5 quc T do Ol 015 0 
7,9 5,2 7,9 05% 221 £166 161 — = 
D = EE 92 E z 
7,9 E E 0,4 1,0 120 227 0,3 0,08 
6,1 6,7 104 0,5 1,6 142 174 105 ` 0.45 
6,7 — 104 4,0 0,9 143 264 0,07 0,35 
6,1 11,0 7,9 0,9 1,6 180 158 27 0,39 
5,5 11,7 11,0 L3 185 — 238 264 3,15 1,65 
4,3 9,7 9.2 2,25 3,4 379 237 - 09 = 11 
5,2 11,0 9,2 2,9 5,6 838 526 = = 
5,2 = 10,4 5 7,8 1142 A E 
6,1 9,7 7,3 1,1 2,3 617 210 0,4! 0,35 
D2 . 98 8,5 poe Ek EE EE = 7,27 
4,0 4,7 SE Bog Ue ps 67 29:55 94 © bane 
5,2 4,5 6,1 1,6 1,5 118 92 80 04 
43 6,8 7,3 EAT 3 175 82 8,1 0,6 
6,7 6,7 10,0 0,4 0,9 129.162 5,64 0,5? 
6,7 SE 9,0 0308 149 108 Lë 0,25 
8,0 7,2 10,0 0,3 0,9 EE E 0,35 
D9-- 11:8 11,0 1,6 2/1 423 590 — — 

c mer es 5 eee 


2) Abnormally low volumes caused by bad condition of plankton. 
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TABLE II | Diatom: 
Symbols: !) rr = very rare; r — rare; + — present, neither rare nor common; c = comm 
April 1932 Java 

Station CUT. e O o) v Be E 


Bacteriastrum hyalinum et varians. . . . r 





Biddllplla sinen IS = ere a e er rr | r 
Cerataulina bergonii et compacta. EA gs Fro TI. rb RE r 
Chüuetoceras coarctatus uu espe. SE r 
És LOFONZIARURE: on A vu Ct r r 
peruvianum s it. cc vu EE 
m pseudocurvisetum: e — 4 v T 
Coscinodiscus PASS A s talo de : EZ Lp It Tet rr 
3 ORCS ONES X tog, eg E r 
e E var. tenuis MEISTER!). + r AiE 3 
= A A D EES r rr E 
Guinardia- acido io cae TTL GNI J 
Hemiaulus sinensis. . . i SE E EE ? 
Hemidiscus hardmanianus . . . . . . . m m | r re» 
Rhizosolenia alata. . . . . . . vd. 2 c Ep Nest rr r 
SS ETI e 
E CUICGFOPIS en E cm mue ee rr 
^s CRUEL A, A I SEET rr + 
^ level 3) = Pin el eu ER Se " 
" AS yc c EE Af 
5; imbricata . UNO ow cem PM EE ES. 
is MT TANE Eee ec e MET 
2 styliformis (atq. latiss.. . . . tr r 
A A van IonpPisplHd. Es 49% C2 = ie 
Stephanopyxis palmeriana . . . . . , . 
Streptötheca indica Q7. X ui 5p. E rr IT 
Thalassiothrix frauenfeldi et nitzschioides . r E: 
Trichodesmium MEL Den NIU eins RE A rr 


') According to ALLEN and Cupp. Plankton Diatoms of the Java Sea, 

Annales du Jardin Botanique de Buitenzorg, Vol. XLIV, 1935. l ZEN 

4) a variety of Coscinodiscus jonesianus which resembles the var. tenuis MEISTER (MEISTER, ` 
possibly a new variety; 3) diameter 1075 rr; 4) ?, diameter 170 rr! A 
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gen aus Asien, 1932) but, as mr. ALLEN and miss CUPP write me, identification is not certain; 
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TABLE III 
October 1932 Java 
Station 1 2 3 4 5 6 7 8 
Bacteriastrum hyalinum et varians. . . . | rr 
Biddalphid sinensis co o) EEN C r rr 


Cerataulina bergonit et compacta... . . . Tr S rr 
Chaetoceras COGhCIQHIMN a ew 

5 Johepn2Ianill: > oae Garten Sem a 

d DETUVIQNUAL ae ce TTC Eee 
” 


pseudocurvisetum . . . . . ce 


GoscinodiscilS sleas. 4 o Ee, Ses C S E e r 


e JORÉSLOHIUS Mey Shas ay LEO C + 
5 : var, fenuis MEISTER . y rr 
A IOT TRAE 0 cc. TE 


Guinātdia flaccida ac. la. t8 cue Tone Ub dco ST 


Hemiaulls sinensis a EE + or 
Hemidiscus hardmanianus . . . .... r + r am rr 
Rhizosoleniaalata a 1. oo ME r rr 


ara farensis a o ror N ee 


37 


^ COICGHAUIS.. E cuc RE uA a gabe see rr rr 
35 | Clever 0 c MET S 
He dr H E Loa o E RUE => 
» Rhebelatad: mode c n T goes r 
d. EE e, AE LS IU BE 
E ROOUSIA ds OS. rc Sa, A 
K Styliformis (atq s loftssi). “see ALEDO IE 
E ^. var. longispina . . 
Stephanopyxis Palmertana o AA Cy Tr 
Streptotheca indica. . . . | CS ON SEE. r | rr 


Thalassiothrix frauenfeldi et nitzschioides . rr fr 


Trichodesma ni "Pi oe uu es a | rr r + r r 
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REESEN 
TABLE IV 
| Java Sea 
vod qp EE So 
= E E S E a 
ET E j en Enrop Sc, 
N N N N N : 
5 a c MCA RASA Ac es 
D uo-|-.8.|-Volu- | nula |; m a kën 
les O ELO. v Se) eee Glee 3 | oS 
zb Ee SE me vulga- v |O Sie d |t SiS |e [9 T | — 
c? domm jo , > LS 3S s| a slasa ja L| 
e gt ore MS | 3/293 5a slon onlo S | — 
Nr Positi E (2725/8 cjey esos oM 
a | so NE stat ee SL [maja ojos OLS] Y EG 
= o dm = R N Fa CEA c a E 
Qiu sl Ela ]|Ejə o | ET 
D D 29899 -— 
"se [45.5 under 1 m? dE e 
G | G E 
A E a e 


Ii} 35° 16'S 106° 57*E- 193210132033 (i alo Ts LE 140| 7,3) 
213 [39 46551062 BTE EE EE EE EE 

| : no further 
3| 4/39 8'S107° — RD 36 /32,35/32,85/30 [0,8 43] 1,21 43.45 | 90] 2| — | 203 6,2]| 
4| 5122 43'S 106° 56'E1)| 26 (32,35 32,95128,51 1,1) 42 1,61132 18 [372 | — | — | 564) 21,7] 
13) 21 189 40'S 109° 10'E | 32 /33,3 [33,3 [18 (0,6 —| —|—| 451135 — | — | 20 06 18 7,7| 39 
14) 21 14° 12'S 109° 3'E |41,3315335 24 [06 —| —|—| — | 45 el | 45 01111 7,7| 11 


15 | 21 [40 41'S 108° 5TE | 45 /32,3 334 30 /0,7/144) 3,2135! — | 9 | r|— 288 64 0,7, 101 27 
16|22/59 12 S 108° 49/E. | 45 32,4 (33,5 [37 [0,8246] 5,5| 18/12 |168 | 12 12 | 468 10,4| 11 is 20 
17 | 22 (5° 42'S 108° 44'E | 49|32,45/33,5 (37 |0,8/700/14,1 144 18 |333 | 189/36 l1404| 28,6! du 48 
18 | 22 [59 57'S 108° 23'E | 45 |32,75|31,6 42 [0,9 37 0,8 2/87,5/:50| — | 37,512862/52,5| 80 15| 10 


19 | 22|6° 5'S 108° 20'E |33|32,6 [32,75 86 | 2,6)112| 3,4194| 2 |544 | — | — | 825/25 |140 3,4) 5,7 
20 | 22/6° 13' S 108? 18'E | 10133,3 33,6 119 | 1,9) 221221 — | 45 18 | = | — 1 63 6,31 25| 2220241 
21 |23|5° 31/8107? E 48 [32,2 (31,9 [30 |0,6/292| 6,1| 27/45 1901 — | — | 454 9,5 


| c further 
22 | 23|5° 50'S 1079 6'E |26 32,1 [33,0 | 8,4/0,31 90,358, 3| 3|48| — | 3 66| 2,5 


O HH 


!) between Bangka en Billiton. 
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| May, 1934. 














(ep) 
a 
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les S 
nO, par) Ke 
Cll lelaga]? E 
AN EA es] =e} o | & 
EIEIe|lo|o|E5 D e 
ees | Onl) 3 | E c 
Ew | S| a o 
a|w¡=|=]|2 © L Remarks 
ES RI 9 23|5s|m|o Ss |El 
LEIA | ss la | S CN amis 
Pee Se Oro 121331 215 
oS) SS e S LE E SÉ Gi E cd 
oldlidlélelolzl£lsl| Sia 
in 1 m? 
Diatoms fairly many. 
E Mostly echinopluteus, causing high volume. 
| analyzed 
Mixed zoo- and phytoplankton. 
Eggs of Clupea leiogaster not rare. 
17 —|—/|21|—-|—|—|—|— —|1,3 | —| Trichodesmium, diatoms,salps, Stolephoruseggscommon. 
| 50 — | — | 6,6) 1,1) — | — | — | — | —| 0,3 |22| Diatoms common, Stolephorus eggs fairly common. 
Hi 0.71 8 Se a =|—¡—|£ ¡5 ]|10| Many Radiolarians, less diatoms. 
13328,3.1,7,83 33/ 1,1,2 |1,3,6,7/0/7,2,8 | 2| Rich zooplankton, sagitta's, salps, Hyalocylix common. 
1.2 y 


| | 

E56 — 1,2 — | 1,6) 0,6) 0,6/0,2/0,4 3,0 |0,6] As ur. 16, many fish larvae Clupeids, (Fistularia a.o.) 
mo |—|—|— | —| — | —/0,1] — 2,7 | —| Many Fritillaria, some Stolephorus a.o. fish eggs. 
| 4 LI B. — | —á = | —|— | —| — E Few diatoms and Noctiluca. 


B -— =|=|=|—|—=]|=|—|=—] — | —] Many Noctiluca, few diatoms. 


Some Trichodesmium. 


Mostly zooplankton, little Trichodesmium and diatoms. 


